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NASA TT P-11,435 

INFLUENCE OF TEMPERATURE ON THE PYROLYSIS OF CALCIUM 
CARBONATE I N  AN ISOTHERMAL CONTAINER I N  A STREAM OF 

NITROGEN OR UNDER CONSTANT VACUUM 

J .  P .  Auff red ic  and P .  Vallet  

ABSTRACT: Pyro lys i s  of a block of calcium carbonate  i s  
s t u d i e d .  
and under cons tan t  vacuum. Expressions are developed f o r  
t h e  r e a c t i o n  ra te  cons tan ts ,  and t h e  a c t i v a t i o n  energy i s  
determined. 
vacuum than  i n  t h e  s t ream of  n i t rogen .  

Pyrolyses  were c a r r i e d  ou t  i n  a stream of  n i t rogen  

Pyro lys is  i s  much more r a p i d  under  cons tan t  

In  a r ecen t  s tudy  [l ,  2 ,  31 ,  we showed experimental ly  t h a t  i n  an i s o -  /329* 
thermal v e s s e l ,  t h e  py ro lys i s  of a block of calcium carbonate  c a r r i e d  out i n  a 
s t ream of n i t r o g e n  o r  under cons tan t  vacuum obeys, as a func t ion  of time t ,  a 
genera l  l a w  o f  t h e  type  

where x = m/mo r ep resen t s  t h e  f r a c t i o n  of undecomposed ma t t e r  a t  i n s t a n t  t ,  m 
be ing  t h e  mass of undecomposed carbonate  a t  i n s t a n t  t and mo i t s  i n i t i a l  mass. 

However, pyrolyses  c a r r i e d  out  under cons tan t  vacuum obey even more 
p e r f e c t l y  t h e  law (1) supplemented with two terms 

I --v; at + ptz+ y t ' t  at&+ T I L S ,  ( 2  1 
where B and 6 are nega t ive .  

S i m i l a r l y ,  we have shown t h a t  t h e  decomposition temperature  8 a t  d i f f e r e n t  
p o i n t s  o f  a cube of marble reached by the  decomposition a t  i n s t a n t  t fo l lows  
t h e  law 

In  equa t ions  ( l ) ,  ( 2 )  and ( 3 ) ,  t h e  coe f f i c i en t s  a, B, y ,  6 ,  n ,  A, B and C are 
cons tan t  f o r  a given cube a t  a given temperature o f  t h e  r e a c t i o n  v e s s e l .  

We s t u d i e d  t h e  in f luence  of t h e  absolu te  temperature  TO of  t h e  i so thermal  
v e s s e l  on t h e s e  d i f f e r e n t  c o e f f i c i e n t s ,  t h e  f i n a l  decomposition time t F  and t h e  
i n i t i a l  v e l o c i t y  vo  on t h e  py ro lys i s .  The mode of ope ra t ion  was the  same as i n  

~ ~~ ~ ~ ~~ 

Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  tne fore ign  t e x t .  Q 
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our  previous s t u d i e s  [1, 2 1 .  We used cubes o f  white  marble of i n i t i a l  mass 
mo = 18.434 g and i n i t i a l  s i d e  2 a. = 19.05 mm. 

hea ted  i n  t h e  r e a c t i o n  vessel t o  temperatures ranging from 740 t o  895OC. 

1. Pyrolyses c a r r i e d  out  i n  a stream o f  n i t r o g e n  Let y1 be any o f  t h e  

q u a n t i t i e s  tF, "0, a, ] B I  , y ,  A, 1 Bl 01 C and t h e  index  i des igna te  t h e  rank 

(from 1 t o  8) o f  the  q u a n t i t y  i n  t h i s  enumeration. 
general  law 

The d i f f e r e n t  cubes were 

/330 

They a l l  obey t h e  same 

o r  

i n  which a i  and log  b i  a r e  cons tan ts .  
Arrhenius law, where E i s  t h e  a c t i v a t i o n  energy, E = RailnlO = 4.576 'ai ( c a l ) ,  
R des igna t ing  t h e  cons tan t  of p e r f e c t  gases.  

In t h e  case  o f  VO,  we ob ta in  t h e  

Table I g ives  t h e  d i f f e r e n t  values  of a i  and log  b i  c a l c u l a t e d  by t h e  
l e a s t  squares  method, ri be ing  t h e  c o e f f i c i e n t  o f  l i n e a r  c o r r e l a t i o n  between log  

y i  and TC 1 , I and Ilogbi r e spec t ive ly ,  t h e  confidence i n t e r v a l s  are a t  a proba- 
ai 

b i l i t y  t h r e s h o l d  of  0.05 o f  a i  and log b i ;  Ilogyi des igna tes  t h e  confidence 

i n t e r v a l  which log  y i  i s  ca l cu lab le  by means o f  equat ion  (4) a t  t h e  same 
p r o b a b i l i t y  t h r e s h o l d .  The fol lowing conclusions are thus  reached: 

1)  Both a2 and a3 are s t a t i s t i c a l l y  i d e n t i c a l .  On t h e  o t h e r  hand, 
from equat ion  (1) and from t h e  d e f i n i t i o n  of x, it can be deduced t h a t  

S ince  vo and a fol low t h e  same law of type (4) whose first term i s  i d e n t i c a l ,  

it fo l lows  t h a t  

Expression (4) y i e l d s  log  b2  = 6.77739, and equat ion  ( 7 ) ,  l og  b 2  = 6.77729. 
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I 
This r e s u l t  i n d i r e c t l y  confirms equat ion (1) .  

2 )  

r e s u l t s  of o t h e r  au thors .  

The a c t i v a t i o n  energy El c a l c u l a t e d  from t h e  average o f  a2 and 
I a3 amounts t o  34373 4940 cal .  This va lue  i s  i n  good agreement with t h e  

Table I.* 

1. Yi. 
. * * .  1 ... .,&, tF 

2 . . .  . . . * 
3 ....... a 
4 .. . . . . . .-1 p 
5 ....... y 
6 ....... A 
7 . . . . . . . 
8 ....... c 

uo 

IBI 

a,. + 9 0 8 6  
- 8 3 6 2  
- 8 4 1 0  

-1 7 0 3 0  
226 806 
- 553 

-27 710 

-22 3 0 7  

log b,. 
- 5 , 5 6 6 9  
+ 6 ,7774  + 5 , 0 3 0 2  
+ 1 0 , 0 3 6  4 
+ 1 6 , 1 1 0 5  
+ 3 , 4 1 4 7  
+18,481 4 
+ 2 1 , 0 6 2  8 

I log bi. 
t o , 2 4 6  8 
i - 0 , 3 9 3  7 
~ 0 , 4 5 5  4 
t I , 2 4 4  I 

i -I ,  181 5 
~ 0 , 0 1 8  7 
* I  , 0 0 9  g 
+ 1 , 2 5 6  6 

3) I t  i s  . reasonable  t o  wr i t e  

The d i sc repanc ie s  observed between these  d i f f e r e n t  values  are i n s i g n i f i c a n t  
a t  t h e  p r o b a b i l i t y  th re sho ld  of 0.05. S imi l a r ly ,  one can write 

logb, = 3 ( I  + E )  IO&, 

E be ing  a c o r r e c t i o n  term equal t o  0.067591. 

Equation (1) then  assumes t h e  fol lowing form: 

4)  Tine f i n a l  i n s t a n t  of decomposition tF, roo t  of cubic  equat ion  
(1) f o r  x = 0 ,  obeying t h e  law (5 ) ,  shows t h a t  t h e  py ro lys i s  fo l lows  a simple 
average l a w  which, a l r eady  formulated in  re ference  4 ,  assumes a cons tan t  
tempera ture  0 at a l l  p o i n t s  of t h e  cube dur ing  i t s  decomposition: 

/331 

~ ~~ ~~ 

* T r a n s l a t o r ' s  Note: Commas i n  t h e  t a b l e  i n d i c a t e  decimal p o i n t s .  
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The f irst  term i s  p ropor t iona l  t o  t h e  time wi th  a coe f f i c i en t  equal  t o  the  
r e c i p r o c a l  o f  t h e  t o t a l  du ra t ion  def ined  by equat ion  ( 1 ) .  
decomposition ra te  

I t  corresponds t o  a 

(10) 

o r ,  r e p l a c i n g  tF by i t s  va lue  and no t ing  t h a t  x2/3 = S / S o  (S des igna tes  t h e  a r e a  
of t h e  i n t a c t  nucleus o f  calcium carbonate a t  i n s t a n t  t and S i t s  i n i t i a l  0 
va lue )  

i n  which t h e  a c t i v a t i o n  energy i s  

I E ' , = 4 . 5 7 0 u p  

I ts  va lue ,  41,577 f. 1,259 cal ,  dev ia t e s  s i g n i f i c a n t l y  from t h a t  o f  E l .  

(11) conforms t o  t h e  hypothesis  which we have a l r eady  formulated [3].  

Equation 

2 .  Pyrolyses  c a r r i e d  out  under cons tan t  vacuum. The c o e f f i c i e n t s  a ,  161, y ,  

IS 1 ,  q, A, IBI, C and t h e  q u a n t i t i e s  tF and vo  r igo rous ly  obey t h e  law (5) .  

Table I1 i s  similar t o  Table I and g ives  t h e  same informat ion .  

/332 

Table I1 * 

- 6 365 + 5,776'7- '.6:'998 40 
- Brg3' -k 2,8096 0,99895 
--r3&5- + 8,1905 0,99763 
- 1 9- : + 1 ..fiO~&?&W@$i 7 3 3 
--?? 5Q3.1 'f + q i 3 m 4  4 W19897 35' 

IO, 586 9 0,995 84 
-18612 -t 14,588 7 0,998 0 1  
rsr 

I.&$ bi. 
' *1' 

40;347 3 
+0,2g3 8 
-"0,231 - 4 
zo,737 I 
= I ,  186 9 
21,578 7 

f o , 0 2 0  6 
- t I, 162 7 

1 2 , 1 4 0  0 

- - - - I  ,236 9 

~ ~~~ 

* T r a n s l a t o r ' s  Note: Commas i n  the  t a b l e  i n d i c a t e  decimal p o i n t s .  
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" *  
I 

Analysis of t h i s  t a b l e  leads  us t o  seve ra l  conclus ions ,  

1) I t  i s  p o s s i b l e  t o  write 

The d iscrepancies  observed between a l ,  la2 I ,  and 1 a3 I and between I l og  b l  I and 
log  b3 a r e  i n s i g n i f i c a n t .  I t  i s  then  reasonable  t o  t ake  f o r  t h e  average a '  

t h e  average of a l ,  I a2 1 ,  I a31, i . e . ,  a '  = 6909, and f o r  average log  b '  t h e  
average of ] l o g  b l l  and log  b3, i . e . ,  log b '  = 3.7945. 

On t h e  o t h e r  hand, log b 3  deduced from log  b2 according t o  r e l a t i o n  (7) 
amounts t o  + 4.0339 and is  s l i g h t l y  g r e a t e r  than  t h e  a c t u a l  va lue  of 3.8096, 
thus  showing t h a t  t h e  t h e o r e t i c a l  curve def ined  by equat ion  (2) runs s l i g h t l y  
above t h e  experimental  curve dur ing  t h e  f irst  i n s t a n t s  of  p y r o l y s i s .  

2)  The a c t i v a t i o n  energy E of  t h e  py ro lys i s  o f  calcium carbonate  

I t  amounts 
c a r r i e d  ou t  under cons tan t  vacuum i s  given by t h e  s l o p e  a '  o f  t h e  s t r a i g h t  
l i n e s  r e p r e s e n t i n g  log  a, l og  vo o r  - log  t F  as  a func t ion  of l /To .  
t o  E2 = 29,330 & 5342 c a l .  
t h a t  a t  i d e n t i c a l  temperature  To t h e  r a t e  of py ro lys i s  i s  much more r a p i d  under 
cons tan t  vacuum than i n  a stream of n i t rogen .  

This va lue  of E2, smaller than E l ,  exp la ins  t h e  fact  

3) I t  i s  reasonable  t o  w r i t e  a 

s i n c e  t h e  d i sc repanc ie s  observed between t h e s e  values  a r e  n o t  s i g n i f i c a n t .  

The genera l  equat ion (2) t hen  becomes 

4) The equat ion 

l eads  t o  t h e  same conclusions as i n  a s t ream of n i t rogen :  
ou t  under  cons t an t  vacuum i n  accordance with t h e  law (9), and t h e  express ion  
f o r  t h e  r a t e  v i s  similar t o  (11):  

p y r o l y s i s  i s  c a r r i e d  
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(General Chemistry Laboratory A,  Facul ty  o f  Sciences,  Avenue du Ghgral-  
Leclerc ,  Rennes, I l l e - e t - V i l a i n e . )  
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